The thermodynamic scaling function of a polymer solution A. Knoll Institut für theoretische Physik der Ruprecht-Karls-Universität, 6900 Abstract. 2014 We calculate the thermodynamic scaling function of a polymer solution in the good solvent regime. This function controls all thermodynamic properties, in particular the osmotic pressure. Our calculation uses a modification of the 03B5-expansion, recently introduced by Schäfer and Horner to treat the Goldstone singularities of an isotropic magnet. This modified expansion concentrates on the vertex irreducible diagrams, and it gives a unified description of both the small overlap and the large overlap regime. We present a complete first order calculation, including also the effect of polydispersity. This effect is found to be small, influencing mainly the second virial coefficient. In the second order calculation we restrict ourselves to a polydisperse ensemble in which the chain length distribution is in chemical equilibrium, and we neglect some small contributions. The convergence is reasonable, and our results are in good agreement with experimental data. [3] , and here for the first time this formalism is applied to a non-trivial example. The second complication concerns the treatment of the semidilute region where the chains overlap strongly. As is well known [2] (see also figure 5 of reference [4] This chemical potential gives rise to a broad probability distribution P(n) for chains of length n. In the dilute limit this distribution has the form [7] P (n) = 03C3/NF
where a is identical to the critical exponent y = We stress that this is just a convenient guess; to construct the functional form of a2(Y, y') uniquely we need additional information beyond scaling and the s-expansion. Note, however, that the s-expansion is not compatible with the form [11] figure 3 we plot our results for T(SR)/SR. As expected from our previous discussion the polydispersity dependence of T is weak. It is largest for small overlap. In the same plot we have given the asymptotic behaviour -s1/(vd-1) to show that the calculated curve gives a smooth interpolation between large and small overlap limits. 4. Second order calculation for the equilibrium ensemble. - The equation of state of a n-component Landau-Ginzburg model connects the magnetization M to the magnetic field H and the temperature t. The renormalization group predicts the scaling form where t, M, H are renormalized quantities measured in units of some fixed momentum x and t = 0 is the critical temperature. The s-expansion of f (x) has been calculated to second order [12] . In reference [5] a parameterrepresentation of the equation of state has been derived which included the influence of the Goldstone modes :
Here G is the Goldstone-mode term The calculation of reference [5] figure 4 . The first order correction is found to have a large effect whereas the second order correction changes the curve only slightly. However, even the zero order curve has the right qualitative character, the large first order effect can be almost entirely compensated by a change of the scale B of sR. This is obvious from the expansion of the critical ratio connecting the large overlap behaviour to the second virial coefficient. This universal number can be defined as [14] [13] , in the equilibrium ensemble we have calculated the derivative matrix of the chemical potentials with respect to the concentrations. The positiveness of this matrix ensures that our ensemble is stable. Thus, at least for thermodynamic quantities the field theory is perfectly meaningful also in the semi-dilute region.
In our treatment we have included the second order corrections in order to get a feeling for the quality of our expansion. The outcome is encouraging. The second order contribution is almost negligible. Furthermore our result compares well with experiment. In figure 4 we have given a typical set of data taken from reference [14] ; the non-universal scale of the overlap has been fitted such that the large overlap limit of the data falls upon the second order curve. Obviously the over-all agreement between experiment and theory is quite good. This is in accord with the general observation that 0(8) or 0(82) results fit experimental data very well. In view of the smallness of the second order correction it suggests that a one-loop calculation of polymer scaling functions should give reasonable results. A more extensive comparison of our results to previous theories and to experimental data will be published elsewhere.
The polydispersity dependence of the thermodynamic scaling function is found to be small. This was to be expected since the mean-field approximation and the large overlap behaviour are both independent of polydispersity. We find that the second virial coefficient decreases with increasing width of the chain-length distribution. Surprisingly this contradicts earlier theories [11] , and we hope to elucidate this point in a subsequent publication.
As mentioned in the text the O(03B52) contribution of c, cannot be determined uniquely by the matching procedure. We only get a relation for the O(03B52) contribution of a + cl. This relation suggests as a plausible choice Our results for the coefficients bi of 03C8(w) read
The underlined terms have been determined only for the polymer case n = 0. The function R(w) is given by a complicated integral over D(w) and can be evaluated only numerically. It is found to yield a maximum contribution of order 0.02 82. This being a small effect a rough representation of R(w) is sufficient. R(w) mainly is needed to fulfill certain boundary conditions. As is found from the differential equation ( 
